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TITLE OF THE INVENTION 

Image Display Device 
BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to image display devices for displaying color 
image, such as monitors and projectors. More particularly, the invention relates to an 
image display device used under the influence of external light, and to an image display 
device having a large value of luminance in displaying black because of its characteristic. 
Description of the Background Art 

Fig. 29 is a block diagram illustrating a configuration of a conventional image 
display device. Referring to Fig. 29, the operation of the conventional image display 
device will be described below. This image display device is made up of an input image 
processing means 1 and an image display means 3. 

Image data Ri, Gi and Bi composed of three-color (RGB) data to be inputted to 
the image display device are inputted to the input image processing means 1. The 
inputted image data Ri, Gi and Bi are subjected to an input image processing to be 
described hereinafter in the input image processing means 1, and then outputted as image 
data RI, GI and BI composed of three color data. The image data RI, GI and BI from 
the input image processing means 1 are sent to the image display means 3 . In the image 
display means 3, according to the corresponding image data value, each pixel emits a 
light for image display. Examples of the image display means are a liquid crystal panel 
and CRT. 

Fig. 30 is a block diagram illustrating a configuration of the input image 
processing means 1 in Fig. 29. Referring to Fig. 30, the input image processing means 1 
is made up of a pixel number transforming means 101, a color transforming means 102 



and a gradation transforming means 103. 

The operation of the input image processing means 1 will be described below. 
Image data Ri, Gi and Bi inputted to the input image processing means 1 are then inputted 
to the pixel number transforming means 101 in which, in order to match the number of 
display pixels in the image display means 3, a pixel number transformation processing of 
these image data is performed and outputted. 

The output from the pixel number transforming means 101 is then inputted to 
the color transforming means 102 in which a color transformation processing is 
performed in consideration of the color reproduction characteristic of the image display 
means 3. This color transformation processing enables to realize a display at a desirable 
color reproduction in the image display means 3. 

The output from the color transforming means 102 is then inputted to the 
gradation transforming means 103 in which according to the characteristic of the image 
display means 3 5 a gradation correction processing is performed and outputted as image 
data Rl, Gl and Bl. The pixel number transforming means 101 , color transforming 
means 102 and gradation transforming means 103 may be configured with hardware or 
software. 

Description will now be made of the relationship between the size of image 
data Rl, Gl and Bl inputted to the image display means 3 and the color (light) displayed 
on the image display means 3. Tristimulus values based on the CIE XYZ colorimetric 
system of the color (light) displayed on the image display means 3 when image data Rl, 
Gl and Bl are inputted to the image display means 3 under no influence of external light 
(hereinafter referred to simply as "tristimulus values") are taken as XI, Yl and Zl. 
Assuming the image display means 3 be an image display means in which the relationship 
between the size of image data Rl, Gl and Bl to be inputted and the tristimulus values 
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XI, Yl and Zl of the color (light) to be displayed is expressed by the following equation 
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wherein Yl is a value corresponding to a luminance. 

In equation (1), axr, ayr, azr, axg, ayg, azg, axb, ayb and azb, and Xbkl, Ybkl 
and Zbkl are values that depend on the characteristic of the image display means 3. 
Particularly, Xbkl, Ybkl and Zbkl are tristimulus values of the color (light) displayed on 
the image display means 3 when the image display means 3 displays black under no 
influence of external light, that is, when R1=G1=B1=0. Hereat, let axr, ayr, azr, axg, 
ayg, azg, axb, ayb and azb be a chromaticity data indicating the correlation between color 
data RGB in the image display means 3 and be tristimulus values XYZ, and a value 
expressed by the following equation (2). 

axr=0.4124, axg=0.3576, axb=0.1805, 
ayr=0.2126, ayg=0.7152, ayb=0.0722, ■•■ (2) 
azr=0.0193, azg=0.1192, azb=0.9505 

Let image data Rl, Gl and Bl inputted to the image display means 3 be an 
integer and a value in the range expressed by the following equation (3). 

O^Rl^lOO 
O^Gl^lOO ••• (3) 
O^Bl^lOO 

Theoretically, all the tristimulus values Xbkl, Ybkl and Zbkl in displaying 



black should be "0", however, they have in fact a value larger than "0". The tristimulus 
values of a reflected light caused by that the surface of the image display means 3 is 
irradiated with an external light and the external light is reflected from the surface of the 
image display means 3, are taken as X2, Y2 and Z2. In this case, the tristimulus values 
X3, Y3 and Z3 of the light entering the eyes of a viewer of the image display device are 
expressed by the sum of the tristimulus values XI, Yl and Zl of the color displayed on 
the image display means 3 by input signals Rl, Gl and Bl, and the tristimulus values X2, 
Y2 and Z2 of the reflected light. That is, X3, Y3 and Z3 are expressed by the following 
equation (4). To the viewer, the color expressed by X3, Y3 and Z3 seems as if the color 
expressed by X3, Y3 and Z3 was displayed on the image display means 3. 
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From equation (4), Xbkl+X2, Ybkl+Y2, and Zbkl+Z2 are tristimulus values 
in displaying black on the image display means 3, taking the influence of external light 
into consideration. From equation (4), the variations in tristimulus values Xbkl, Ybkl 
and Zbkl in displaying black under no influence of external light, and the variations in 
tristimulus values X2, Y2 and Z2 of a reflected light of external light, exert the same 
influence on the tristimulus values X3, Y3 and Z3 of the light entering the eyes of the 
viewer. Therefore; description will now be made of the case that the values of Xbkl, 
Ybkl and Zbkl are fixed and the values of X2, Y2 and Z2 vary due to the influence of 
external light. The same is true for the case that the values of Xbkl, Ybkl and Zbkl 
vary. Hereat, Xbkl, Ybkl and Zbkl are values expressed by the following equation (5). 



Xbkl=l 

Ybkl=l (5) 
Zbkl=l 

Fig. 3 1 is an explanatory diagram showing in the form of table the relationship 
between Rl, Gl an Bl inputted to the image display means 3 and tristimulus values X3, 
Y3 and Z3 of the color (light) entering the eyes of a viewer, under no influence of 
external light, i.e., when X2=Y2=Z2=0. Fig. 31 indicates the case that the relationship 
of R1=G1=B1 holds, i.e., that an achromatic data is inputted to the image display means 
3. 

Referring to Fig. 31, consider the case of having no influence of external light. 
No influence of external light results in X2=Y2=Z2=0. When the maximum values 100, 
100 and 100 of image data Rl, Gl and Bl are inputted to the image display means 3, the 
tristimulus values of the color (light) entering the eyes of a viewer in the absence of 
external light are Xl=96.05, Yl=101 and Zl=109.9. On the other hand, when the 
minimum values 0, 0 and 0 of image data Rl, Gl and Bl are inputted to the image 
display means 3, tristimulus values of the color (light) entering the eyes of the viewer in 
the absence of external light are Xl-1, Yl=l and Zl=l. 

In Fig. 31, in the tristimulus values of the color (light) entering the eyes of a 
viewer when Rl, Gl and Bl are inputted to the image display means 3, the ratio of a Y3 
corresponding to a luminance to a Y3 when Rl=100, Gl=100 and Bl=100 (i.e., in 
displaying white) is indicated as a ratio to white (Y/Ymax). As the ratio to white is 
smaller with respect to each image data, the viewer seems that the image displayed on the 
image display means 3 has a larger contrast and more excellent visibility. 

Fig. 32 is a graph showing the relationship between image data Rl, Gl and Bl 
inputted to the image display means 3 and a luminance stimulus value Y3. 



Next, description will be made of an image display on an image display means 
3 of a conventional image display device when the device is used under the influence of 
external light. 

Fig. 33 is an explanatory diagram showing in the form of table the relationship 
between Rl, Gl, Bl and tristimulus values X3, Y3, Z3 of the color (light) entering the 
eyes of a viewer under the influence of external light. Fig. 33 indicates that the 
relationship of R1=G1=B1 holds, i.e., that an achromatic data is inputted to the image 
display means 3. 

Let tristimulus values of a reflected light of external light on the surface of the 
image display means 3 be X2=0.505, Y2=10, and Z2=10.89. When the maximum 
values 100, 100 and 100 of image data Rl, Gl and Bl are inputted to the image display 
means 3, tristimulus values of the color (light) entering the eyes of a viewer are 
X3=105.555, Y3=l 11.000 and Z3=120.790. On the other hand, when the minimum 
values 0, 0 and 0 of Rl, Gl and Bl are inputted to the image display means 3, the 
tristimulus values of the color (light) entering the eyes of the viewer are X3=l 0.505, 
Y3=l 1.000 and Z3=l 1.890. 

Also in Fig. 33, in the tristimulus values of the color (light) entering the eyes of 
a viewer when Rl , Gl and Bl are inputted to the image display means 3, the ratio of a Y3 
corresponding to a luminance to a Y3 when Rl=100, Gl=100 and Bl=100 (i.e., in 
displaying white) is indicated as a ratio to white (Y/Ymax). As compared to the case 
having no influence of external light shown in Fig. 31, under the influence of external 
light, the resulting values are large as a whole. That is, under the influence of external 
light, the viewer regards the image as having a small contrast and poor visibility. 

Fig. 34 is a graph showing the relationship between image data Rl, Gl and Bl 
inputted to the image display means 3 and a luminance stimulus value Y3. In Fig. 34, a 



continuous line represents the case having the influence of external light, and a dotted 
line represents the case having no influence of external light. 

In order to overcome a decrease in contrast due to the influence of external light, 
it can be considered that the brightness of display on the image display means 3 is 
increased under the influence of external light. For instance, doubling the brightness of 
display on the image display means 3 doubles the values of tristimulus values XI, Yl and 
Zl of the color (light) displayed on the image display means 3. 

Fig. 35 is an explanatory diagram showing in the form of table the relationship 
between Rl, Gl and Bl and tristimulus values X3, Y3 and Z3 of the color (light) entering 
the eyes of a viewer under the influence of external light while doubling the brightness of 
display on the image display means 3. Fig. 35 indicates that the relationship of 
R1=G1=B1 holds, i.e., that an achromatic data is inputted to the image display means 3. 
As in the case of Fig. 33, the tristimulus values of a reflected light of external light on the 
surface of the image display means 3 are taken as X2=9.505, Y2=10, and Z2=10.89. 

Also in Fig. 35, in the tristimulus values of the color (light) entering the eyes of 
a viewer when Rl, Gl and Bl are inputted to the image display means 3, the ratio of a Y3 
corresponding to a luminance to a Y3 when Rl^lOO, Gl=100 and Bl=100 (i.e., in 
displaying white) is indicated as a ratio to white (Y/Ymax). As compared to Fig. 35, by 
doubling the brightness of display on the image display means 3, the ratio to white can be 
closer to that in Fig. 3 1 having no influence of external light, however, it is still large as 
compared to Fig. 31. 

In order to increase the brightness of display on the image display means 3, 
there are the following methods of increasing the brightness of display on the image 
display means 3 itself without changing the data inputted to the image display means 3, or 
adjusting the gain of image data Rl, Gl and Bl inputted to the image display means 3 
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without changing the brightness of display on the image display means 3 itself. 

In the former method, it is very difficult to double the brightness of display on 
the image display means 3 as described above, in terms of cost, power consumption and 
useful life. 

In the latter method, it is impossible to increase the gain limitlessly because of 
the upper limit of image data Rl, Gl and Bl, and a larger gain causes a larger 
disarrangement of gradation. 

Thus, in the conventional image display device, the influence of external light 
or the event that the luminance in displaying black is large due to the characteristic of the 
image display means, may cause a considerable large ratio to white (Y/Ymax), which is a 
ratio of a luminance displayed for each image data to a luminance in displaying white. 
Accordingly, the viewer feels that the image has a small contrast and poor visibility. 

In addition, in terms of cost, power consumption and useful life, it is very 
difficult to suppress an increase of the ratio to a luminance in displaying white, by 
increasing the brightness of display on the image display means. This results in poor 
improvement. 

SUMMARY OF THE INVENTION 

According to a first aspect of the invention, an image display device comprises: 
a black correction part performing a black correction processing of correcting a black 
reproducibility of an image data containing a predetermined number of color data, to 
output a black-corrected image data; and an image display means performing an image 
display on a predetermined screen based on the black-corrected image data, the black 
correction part including: (i) a black-display characteristic specifying means performing a 
predetermined operation to specify a black-display characteristic specifying data related 
to a characteristic in displaying black with the image display means; (ii) a 



black-approximated data calculating means calculating a black-approximated data related 
to at least one of luminance, chromaticity and tristimulus values in displaying black based 
on the characteristic in displaying black with the image display means on the basis of the 
black-display characteristic specifying data; and (iii) a black-correction processing 
executing means executing the black correction processing to the image data in units of 
the predetermined number of color data based on the black-approximated data, to output 
the black-corrected image data. 

According to a second aspect of the invention, the image display device of the 
first aspect is characterized in that the black-correction processing executing means 
includes a black correction means performing a subtraction processing of subtracting a 
subtraction data based on the black-approximated data from the image data in units of the 
predetermined number of color data, to output the black-corrected image data. 

According to a third aspect of the invention, the image display device of the 
second aspect is characterized in that the subtraction data includes the 
black-approximated data itself. 

According to a fourth aspect of the invention, the image display device of the 
third aspect is characterized in that the black correction means includes (i) a subtraction 
means subtracting the black-approximated data from the image data in units of the 
predetermined number of color data, to obtain data after subtraction; and (ii) a limiter 
setting a color data of less than "0" in the predetermined number of color data contained 
in the data after subtraction to "0", to obtain the black-corrected image data. 

According to a fifth aspect of the invention, the image display device of the 
second aspect is characterized in that the black correction means includes (i) a subtraction 
data calculating means calculating the black-approximated data itself as the subtraction 
data when the image data is larger than a predetermined value; and (ii) a subtraction 



10 

means subtracting the subtraction data from the image data in units of the predetermined 
number of color data, to obtain data after subtraction, and outputting the data after 
subtraction as the black-corrected image data. 

According to a sixth aspect of the invention, the image display device of the 
fifth aspect is characterized in that the subtraction data calculating means includes a 
subtraction data calculating means multiplying the black-approximated data with a 
multiplication factor of less than "1" when the image data is less than the predetermined 
value, to obtain the subtraction data. 

According to a seventh aspect of the invention, the image display device of the 
first aspect is characterized in that: the black-correction processing executing means 
includes a look-up table storing a table data, and a table data writing means, writing data 
in the form of a table capable of deriving one of the black-corrected image data from the 
image data as the table data, into the look-up table based on the black-approximated data; 
and that the look-up table obtains the black-corrected image data based on the image data 
by referring to the table data. 

According to an eighth aspect of the invention, the image display device of the 
first aspect is characterized in that the black-display characteristic specifying data 
includes data indicating a characteristic of a reflected light of external light on the surface 
of the predetermined screen of the image display means. 

According to a ninth aspect of the invention, the image display device of the 
eighth aspect is characterized in that the black-approximated data calculating means 
includes a black-approximated data calculating means obtaining a specified value of 
luminance of a reflected light of external light based on the black-display characteristic 
specifying data, and calculating the black-approximated data such that a difference 
between the luminance of the color displayed on the image display means based on the 
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black-approximated data and the luminance in displaying black with the image display 
means is equal to the specified value. 

According to a tenth aspect of the invention, the image display device of the 
eighth aspect is characterized in that the black-approximated data calculating means 
includes a black-approximated data calculating means obtaining specified values of 
tristimulus values of a reflected light of external light based on the black-display 
characteristic specifying data, and calculating the black-approximated data such that a 
difference between the tristimulus values of the color displayed on the image display 
means based on the black-approximated data and the tristimulus values in displaying 
black with the image display means is equal to the specified values. 

According to an eleventh aspect of the invention, the image display device of 
the eighth aspect is characterized in that: the characteristic of a reflected light of external 
light includes a brightness of the reflected light of external light; and that the 
black-approximated data calculating means includes a black-approximated data 
calculating means calculating the black-approximated data based on the black-display 
characteristic specifying data by referring to a chromaticity data indicating a ratio of 
tristimulus values of a reflected light of external light and a correlation between a color 
data and tristimulus values in the image display means. 

According to a twelfth aspect of the invention, the image display device of the 
eleventh aspect is characterized in that: the black-display characteristic specifying data 
further includes data indicating the kind of an external light; and that the 
black-approximated data calculating means includes a black-approximated data 
calculating means calculating the black-approximated data based on the black-display 
characteristic specifying data by referring to a ratio of tristimulus values of a reflected 
light of an external light of the kind specified by the black-display characteristic 
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specifying data, and the chromaticity data. 

According to a thirteenth aspect of the invention, the image display device of 
the eleventh aspect is characterized in that: the black-display characteristic specifying 
data further includes data indicating a color temperature of a reflected light of external 
light; and that the black-approximated data calculating means includes a 
black-approximated data calculating means calculating the black-approximated data 
based on the black-display characteristic specifying data by referring to a ratio of 
tristimulus values of the reflected light suited for the color temperature indicated by the 
black-display characteristic specifying data, and the chromaticity data. 

According to a fourteenth aspect of the invention, the image display device of 
the eighth aspect is characterized in that: the characteristic of the reflected light of 
external light includes a luminance of the reflected light of external light; and that the 
black-approximated data calculating means includes a black-approximated data 
calculating means calculating the black-approximated data based on the black-display 
characteristic specifying data by referring to a ratio of tristimulus values of a reflected 
light of external light, and a chromaticity data indicating a correlation between a color 
data and tristimulus values in the image display means. 

According to a fifteenth aspect of the invention, the image display device of the 
eighth aspect is characterized in that: the characteristic of the reflected light of external 
light includes tristimulus values of the reflected light of external light; and that the 
black-approximated data calculating means includes a black-approximated data 
calculating means calculating the black-approximated data based on the black-display 
characteristic specifying data, by referring to a chromaticity data indicating a correlation 
between a color data and tristimulus values in the image display means. 

According to a sixteenth aspect of the invention, the image display device of 
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the first aspect is characterized in that the black-display characteristic specifying data 
includes data indicating a characteristic in displaying black with the image display means. 

According to a seventeenth aspect of the invention, the image display device of 
the sixteenth aspect is characterized in that the black-approximated data calculating 
means includes a black-approximated data calculating means obtaining a specified value 
of luminance in displaying black based on the black-display characteristic specifying data, 
and calculating the black-approximated data such that a difference between the luminance 
of the color displayed on the image display means based on the black-approximated data 
and the luminance in displaying black with the image display means is equal to the 
specified value. 

According to an eighteenth aspect of the invention, the image display device of 
the sixteenth aspect is characterized in that the black-approximated data calculating 
means includes a black-approximated data calculating means obtaining specified values 
of tristimulus values in displaying black based on the black-display characteristic 
specifying data, and calculating the black-approximated data such that a difference 
between the tristimulus values of the color displayed on the image display means based 
on the black-approximated data and the tristimulus values in displaying black with the 
image display means is equal to the specified values. 

According to a nineteenth aspect of the invention, the image display device of 
the sixteenth aspect is characterized in that: the characteristic in displaying black includes 
a brightness in displaying black; and that the black-approximated data calculating means 
includes a black-approximated data calculating means calculating the black-approximated 
data based on the black-display characteristic specifying data by referring to tristimulus 
values in displaying black in the absence of external light, a ratio of tristimulus values of 
a reflected light of external light, and a chromaticity data indicating a correlation between 
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a color data and tristimulus values in the image display means. 

According to a twentieth aspect of the invention, the image display device of 
the sixteenth aspect is characterized in that the characteristic in displaying black includes 
a luminance in displaying black, and the black-approximated data calculating means 
includes a black-approximated data calculating means calculating the black-approximated 
data based on the black-display characteristic specifying data by referring to tristimulus 
values in displaying black in the absence of external light, a ratio of tristimulus values of 
a reflected light of external light, and a chromaticity data indicating a correlation between 
a color data and tristimulus values in the image display means. 

In the image display device of the first aspect, a black-display characteristic 
specifying data is specified by the black-display characteristic specifying means, and a 
black correction processing is performed based on a black-approximated data derived 
from the black-display characteristic specifying data. Thereby, an image having a large 
contrast and excellent visibility to the viewer can be displayed on the image display 
means. 

At this time, it is unnecessary to change the display brightness of the image 
display means, thus causing neither an increase in cost and power consumption nor a 
decrease in useful life in the image display means. 

In the image display device of the second aspect, a black-corrected image data 
can be obtained by a relatively simple processing of subtracting a subtraction data based 
on a black-approximated data, from an image data. 

In the image display device of the third aspect, the circuit configuration can be 
simplified by the amount that there is no need to have a function of calculating a 
subtraction data. 

In the image display device of the fourth aspect, by providing a limiter, it is 
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avoidable that a black-corrected image data becomes less than "0". 

In the image display device of the fifth aspect, even when an image data 
exceeds a predetermined value and the tristimulus values in displaying black become 
large due to the influence of external light or the characteristic of the image display 
means, a large proportion of data can be displayed at the same condition as the case that 
the tristimulus values in displaying black are "0", by appropriately setting a 
predetermined value. This enables to provide an image having a large contrast and 
excellent visibility to the viewer. 

In the image display device of the sixth aspect, the subtraction data calculating 
means obtains a subtraction data by multiplying a black-approximated data with a 
multiplication factor of less than "1" based on an image data. Therefore, even when the 
value of the image data is smaller than a predetermined value, it is avoidable that a 
black-corrected image data is less than "0". 

In the image display device of the seventh aspect, the circuit configuration can 
be simplified by realizing a main part of the black-correction processing executing means 
with a look-up table. 

In the image display device of the eighth aspect, a black-display characteristic 
specifying data includes data for specifying the characteristic of a reflected light of 
external light on the surface of a predetermined screen of the image display means. 
Therefore, an appropriate setting of a black-display characteristic specifying data provides 
an image display having a large contrast and excellent visibility to the viewer, even under 
the influence of external light. 

In the black-approximated data calculating means of the image display device 
of the ninth aspect, a black-approximated data is calculated such that a difference 
between the luminance of the color displayed on the image display means based on a 
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black-approximated data, and the luminance in displaying black with the image display 
means, becomes a specified value of the luminance of a reflected light of external light. 
Therefore, the same display as under no influence of external light can be realized under 
the influence of external light. 

In the black-approximated data calculating means of the image display device 
of the tenth aspect, a black-approximated data is calculated such that a difference between 
the tristimulus values of the color displayed on the image display means based on a 
black-approximated data, and the tristimulus values in displaying black with the image 
display means, becomes specified values of the tristimulus values of a reflected light of 
external light. Thereby, under the influence of external light, the same display as under 
no influence of external light can be realized. 

In the image display device of the eleventh aspect, even under the influence of 
external light, an image of a large contrast and excellent visibility to the viewer can be 
displayed by appropriately setting the brightness of a reflected light of external light as a 
characteristic of the reflected light. 

In addition, since the brightness of a reflected light of external light is a general 
reference, a black-display characteristic specifying data can be specified by the 
black-display characteristic specifying means, without any special knowledge of color 
and light. 

In the image display device of the twelfth aspect, a black-display characteristic 
specifying data further includes data indicating the kind of an external light. Therefore, 
by selecting a proper kind of the external light according to the environment in which the 
image display device is used, the degree of freedom and accuracy of correction of the 
influence of the external light are increased than the case that the kind of an external light 
is fixed. 
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In addition, no special knowledge of specifying a black-display characteristic is 
needed, thereby making it easy to select the kind of an external light. 

In the image display device of the thirteenth aspect, a black-display 
characteristic specifying data contains data indicating the color temperature of a reflected 
light of external light. Therefore, the degree of freedom and accuracy of correction of 
the influence of external light can be increased by suitably selecting the color temperature 
of a reflected light of external light according to the environment in which the image 
display device is used. 

In addition, it is easy for users familiar with image display devices to specify a 
black-display characteristic by color temperature. 

In the image display device of the fourteenth aspect, the characteristic of a 
reflected light of external light includes the luminance of the reflected light. It is 
therefore able to omit a processing of finding the luminance of the reflected light that is 
needed in obtaining a black-approximated data. 

In the image display device of the fifteenth aspect, the characteristic of a 
reflected light of external light includes the tristimulus values of the reflected light. It is 
therefore able to omit a processing of finding the tristimulus values of the reflected light 
that is needed in obtaining a black-approximated data. 

In the image display device of the sixteenth aspect, a black-display 
characteristic specifying data includes data indicating the characteristic in displaying 
black with the image display means. Therefore, the black-approximated data calculating 
means can calculate a black-approximated data based on the tristimulus values in 
displaying black with the image display means. 

This enables to provide an image having a large contrast and excellent visibility 
to the viewer when the tristimulus values in displaying black are large due to the 
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characteristic of the image display means. 

In the black-approximated data calculating means of the image display device 
of the seventeenth aspect, a black-approximated data is calculated such that a difference 
between the luminance of the color displayed on the image display means based on a 
black-approximated data, and the luminance in displaying black with the image display 
means, becomes a specified value of the luminance in displaying black. Thereby, the 
same display as in the case that the luminance in displaying black is "0" can be realized 
when the luminance in displaying black has a large value due to the characteristic of the 
image display means, in addition to the influence of external light. 

In the black-approximated data calculating means of the image display device 
of the eighteenth, a black-approximated data is calculated such that a difference between 
the tristimulus values of the color displayed on the image display means based on a 
black-approximated data, and the tristimulus values in displaying black with the image 
display means, becomes specified values of tristimulus values in displaying black. 
Thereby, the same display as in the case that the tristimulus values in displaying black is 
"0" can be realized when the tristimulus values in displaying black are large due to the 
characteristic of the image display means, in addition to the influence of external light. 

In the image display device of the nineteenth aspect, the characteristic in 
displaying black includes the brightness in displaying black. Thereby, an image having 
a large contrast and excellent visibility to the viewer can be provided by suitably setting 
the brightness in displaying black with the black-display characteristic specifying means. 

In the image display device of the twentieth aspect, the characteristic in 
displaying black includes the luminance in displaying black. Thereby, an image having 
a large contrast and excellent visibility to the viewer can be provided by suitably setting 
the luminance in displaying black with the black-display characteristic specifying means. 
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This also enables to omit a processing of finding the luminance in displaying 
black that is needed in obtaining a black-approximated data. 

It is an object of the present invention to overcome the foregoing problem by 
providing an image display device, which is capable of displaying an image of a large 
contrast and excellent visibility to the viewer even under the influence of external light 
and in the case that the luminance in displaying black has a large value due to the 
characteristic of an image display means, and which causes no increase in cost and power 
consumption and no decrease in useful life in the image display means by suppressing an 
increase in a ratio to a luminance in displaying white. 

These and other objects, features, aspects and advantages of the present 
invention will become more apparent from the following detailed description of the 
present invention when taken in conjunction with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a configuration of an image display device 
according to a first preferred embodiment of the invention; 

Fig. 2 is an explanatory diagram illustrating a menu of a black-display 
characteristic specifying means to be displayed on a screen of an image display means in 
Fig. 1; 

Fig. 3 is an explanatory diagram illustrating a flow of processing of calculating 
a black approximated data in a black-approximated data calculating means in the first 
preferred embodiment; 

Fig. 4 is an explanatory diagram showing in the form of table the relationship 
between a black-display characteristic specifying data and a specified value of a 
luminance of an external light reflected; 

Fig. 5 is a block diagram illustrating an internal configuration of a black 
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correction means in Fig. 1 ; 

Fig. 6 is an explanatory diagram showing in the form of table the relationship 
with the tristimulus values of the color entering the eyes of a viewer under the influence 
of external light in the image display device of the first preferred embodiment; 

Fig. 7 is an explanatory diagram showing in the form of table the relationship 
with the tristimulus values of the color entering the eyes of a viewer under no influence of 
external light; 

Fig. 8 is a graph showing the relationship between an image data after input 
processing and a luminance stimulus value; 

Fig. 9 is a block diagram illustrating a configuration of a black correction 
means in an image display device according to a second preferred embodiment; 

Fig. 10 is a block diagram illustrating a configuration of a multiplication factor 
calculating means in Fig. 9; 

Fig. 1 1 is a graph showing a relationship between an image data after input 
processing and a black-corrected data; 

Fig. 12 is an explanatory diagram showing in the form of table the relationship 
with the tristimulus values of the color entering the eyes of a viewer under the influence 
of external light in the image display device of the second preferred embodiment; 

Fig. 13 is a graph showing the relationship between an image data after input 
processing and a luminance stimulus value; 

Fig. 14 is a block diagram illustrating a configuration of an image display 
device according to a third preferred embodiment; 

Fig. 15 is a diagram illustrating a relationship between data after input 
processing and black-corrected data; 

Fig. 16 is an explanatory diagram illustrating a menu of a black-display 
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characteristic specifying means in an image display device according to a fourth preferred 
embodiment; 

Fig. 17 is an explanatory diagram illustrating a flow of processing of 
calculating a black-approximated data in a black-approximated data calculating means of 
the fourth preferred embodiment; 

Fig. 18 is an explanatory diagram showing in the form of table the relationship 
between a black-display characteristic specifying data and a specified value of a 
luminance in displaying black; 

Fig. 19 is an explanatory diagram illustrating a menu of a black-display 
characteristic specifying means in an image display device according to a fifth preferred 
embodiment; 

Fig. 20 is an explanatory diagram illustrating a flow of processing of 
calculating a black-approximated data in a black-approximated data calculating means of 
the fifth preferred embodiment; 

Fig. 21 is an explanatory diagram illustrating a menu of a black-display 
characteristic specifying means in an image display device according to a sixth preferred 
embodiment; 

Fig. 22 is an explanatory diagram illustrating a flow of processing of 
calculating a black-approximated data in a black-approximated data calculating means of 
the sixth preferred embodiment; 

Fig. 23 is an explanatory diagram illustrating a menu of a black-display 
characteristic specifying means in an image display device according to a seventh 
preferred embodiment; 

Fig. 24 is an explanatory diagram illustrating a flow of processing of 
calculating a black-approximated data in a black-approximated data calculating means of 
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the seventh preferred embodiment; 

Fig. 25 is an explanatory diagram illustrating a menu of a black-display 
characteristic specifying means in an image display device according to an eighth 
preferred embodiment; 

Fig. 26 is an explanatory diagram illustrating a flow of processing of 
calculating a black-approximated data in a black-approximated data calculating means of 
the eighth preferred embodiment; 

Fig. 27 is an explanatory diagram illustrating a menu of a black-display 
characteristic specifying means in an image display device according to a ninth preferred 
embodiment; 

Fig. 28 is an explanatory diagram illustrating a flow of processing of 
calculating a black-approximated data in a black-approximated data calculating means of 
the ninth preferred embodiment; 

Fig. 29 is a block diagram illustrating a configuration of a conventional image 
display device; 

Fig. 30 is a block diagram illustrating a configuration of an input image 
processing means in Fig. 29; 

Fig. 3 1 is an explanatory diagram showing in the form of table the relationship 
with the tristimulus values of the color entering the eyes of a viewer under no influence of 
external light; 

Fig. 32 is a graph showing the relationship between an image data inputted to 
an image display means and a luminance stimulus value; 

Fig. 33 is an explanatory diagram showing in the form of table the relationship 
with the tristimulus values of the color entering the eyes of a viewer under the influence 
of external light; 
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Fig. 34 is a graph showing the relationship between an image data inputted to 
an image display means and a luminance stimulus value; and 

Fig. 35 is an explanatory diagram showing in the form of table the relationship 
with the tristimulus values of the color entering the eyes of a viewer under the influence 
of external light, while doubling the brightness of display on the image display means. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First Preferred Embodiment 



r^jj,. 1 is a bkJCK" diagram illustrating a configuration of an image displa^ilevice 
according to a first preferred embodiment of the invention. Thisjmage display device is 
made up of an input image processing means 1 , blapk-c6rrection means 2 A, image display 
means 3, black-approximated dataj^n€fating means 4A, and black-display characteristic 
specifying means SA^^Cblack correction part 51 is made up of the black correction 
means 2^^Dlack-approximated data calculating means 4A and black-display 
fihafaete ristic specifying ineaim 5A. * 

Referring to Fig. 1, image data Ri, Gi and Bi composed of three color data 
inputted to the image display device are inputted to the input image processing means 1 . 
The input image processing means 1 performs an input image processing of the inputted 
image data Ri, Gi and Bi, and outputs image data after input processing Rl, Gl and Bl 
composed of three color data. 

FV^mplnr nfthp input \mapc processing ^c^r ^ dkmr^ noo tixm^ iXL l iiuillbUi ' 

£S ^ — — 

transformation and CQlo3rtrfiisforrnation processings according to the characteristic of an 
imag» 4gfauipu t tcd, as descii bed in the prior art 



The black-display characteristic specifying means 5A can be realized by, for 
example, operations on a menu displayed on a (predetermined) screen of the image 
display means 3 and through keys provided on the image display means 3 or a remote 
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controller. In this case, a viewer specifies a desired black-display characteristic by 
selecting it from the menu displayed on the image display means 3 by key input. As the 
black-display characteristic specifying means 5A, there are a method of providing a 
purpose-built panel, a method of using an input unit such as a mouse and keyboard, and 
the like. Description will proceed to the case of realizing with a menu displayed on a 
screen of the image display means 3 and keys of a remote controller. 

Fig. 2 is an explanatory diagram illustrating a menu of the black-display 
characteristic specifying means 5A to be displayed on a screen of the image display 
means 3. Referring to Fig. 2, a viewer operates a move key, a "+" key or "-" key, of the 
remote controller, to set the value of an external-light brightness specifying bar 30 for 
specifying the brightness of the external light reflected from the surface of the screen of 
the image display means 3. In the external-light brightness specifying bar 30, the 
display color or display brightness is changed to inform the viewer of the set value. In 
the example of Fig. 2, the external light brightness is set at the third step. 

^black-display characteristic specifying means 5 A, a black-digpla^ 
characteristic specifying data BD1 to specify the brightness of the extepiaHight reflected 
from the surface of the image display means 3 is ger^afed from the value of the 
external-light brightness specifying bar 30 thaj^specified by the viewer. For instance, 
the value of the external-light hriglrtaess specifying bar 30 can be adopted as a 
black-display characterigtkr^specifying data BD1. Therefore, in the example of Fig. 2, 
the black-display ;haracteristic specifying means 5 A outputs "3" as a black-display 
ch^ct^stic-spedi^^ing^^ BD 1 5 to the black-approximated data calculating means 4. — 
Based on the black-display specifying data BD1, the black-approximated data 
calculating means 4 A calculates black-approximated data R3, G3 and B3 that are data 
related to at least one of a luminance, chromaticity and tristimulus values (three image 
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index values) in the image display means 3, and then outputs the result to the black 
correction means 2A. 

Fig. 3 is an explanatory diagram illustrating a flow of processing of calculating 
black-approximated data R3, G3 and B3 in the black-approximated data calculating 
means 4 A. Referring to Fig. 3, a processing of calculating black-approximated data R3, 
G3 and B3 to be performed by the black-approximated data calculating means 4A will be 
described below. 

Firstly, in step SI 1, from the value of a black-display characteristic specifying 
data BD1, a specified value Ye of a luminance Y2 of the external light reflected from the 
image display means 3 5 which value is specified by a viewer, is calculated from a 
predetermined reference. 

Fig. 4 is an explanatory diagram showing in the form of table the relationship 
between the black-display characteristic specifying data BD1 and the specified value Ye 
of the luminance Y2 of an external light reflected. 

Specifically, in step Sll, the relationship shown in Fig. 4 is used as a 
predetermined reference, and the viewer-specified value Ye of the luminance of the 
external light reflected from the image display means 3 is calculated from the value of the 
black-display characteristic specifying data BD1. 

Further, the black-approximated data calculating means 4A has in advance a 
ratio of tristimulus values based on the CIE XYZ colorimetric system of the external light 
reflected from the image display means 3 (hereinafter referred to simply as "tristimulus 
values"). 

In step S12, Xe, Ye and Ze that are values specified by the viewer with respect 
to the tristimulus values X2, Y2 and Z2 of the external light reflected from the image 
display means 3, are calculated from the ratio of tristimulus values and the 
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viewer-specified value Ye 5 both of which are described above. The ratio of tristimulus 
values of the reflected light of external light, which is held in the black-approximated 
data calculating means 4A, may be set in advance from the value obtained by 
measurement in advance under the environment in which the image display device is used. 
If such environment is unaware in advance, the ratio of tristimulus values of a 
representative light source may be used. For instance, if it is assumed that a spectral 
distribution of a reflected light of external light is the same as that of D&5 that is a 
standard light source, X3:Ye:Ze=0.9505:l:1.089. Thus, the values of Xe and Ze can be 
found from the value of Ye. 

When Xe and Ze are found from Ye by assuming a spectrum distribution of a 
reflected light of external light, a difference between the actual spectrum distribution of 
external light and the assumed spectrum distribution results in a difference in the 
chromaticity of the color displayed on the image display means 3 by black-corrected 
image data R2, G2 and B2. 

In step S13, black-approximated data R3, G3 and B3 are calculated by using the 
chromaticity data of the image display means 3 (i.e., data indicating the correlation 
between the color data RGB and tristimulus values XYZ in the image display means 3 
(axr, ayr, azr, axg, ayg, azg, axb, ayb, azb)) from Xe, Ye and Ze, which are the values 
specified by the viewer in step S12 with respect to the external light reflected from the 
image display means 3. Its method will fully be described below. 

When the black-corrected data R2, G2 and B2 are inputted to the image display 
means 3 under no influence of external light, the tristimulus values of the color displayed 
on the image display means 3 are taken as XI , Yl and Zl . The relationship between the 
size of the black-corrected data R2, G2 and B2 to be inputted and the tristimulus values 
XI, Yl and Zl of the color displayed on the image display means 3, is expressed by the 
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following equation (6). Hereat, tristimulus values correspond to a luminance and 
chromaticity, and Yl of the tristimulus values is a value corresponding to a luminance. 
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5 In equation (6), axr, ayr, azr, axg, ayg, azg, axb, ayb, azb, and Xbkl, Ybkl, 

Zbkl, are values that depend on the characteristic of the image display means 3, and these 
values can be found in advance by measurement. Particularly, Xbkl, Ybkl and Zbkl 
are the tristimulus values of the color displayed on the image display means 3 when the 
image display means 3 displays black under no influence of external light, that is, when 
10 R2=G2=B2=0. For instance, when a liquid crystal display is used as an image display 
means 3, by changing the transmittance of liquid crystal, the transmittance amount of the 
light from a light source is changed to provide image display. Even in displaying black, 
the light from the light source cannot be blocked completely, and Xbkl, Ybkl and Zbkl 
usually have a value not "0". 

Wl>en the ourfacc of the image display means 3 i3 ir r adia t ed with an oxtgr 

aS ^^^^ 

light and the external light is reflected from the surface of the imagg^digplay means 3, 
tristimulus values X3, Y3 and Z3 of the light entering thp-eyesT of the viewer of the image 
display means 3 are expressed by the sum o££h€rristimulus values XI, Yl and Zl of the 
color displayed on the image display means 3 by black-corrected image data R2, G2 and 
20 B2, and the tristimi^values X2, Y2 and Z2 of the reflected light. That is, X3, Y3 and 
Z3 are expressed by the following equation (7). The viewer seems as if the color 

Trp ^pd b y V\ flnH 7^ wan HinplnynH on tho i mngp Hiqplny mennr , 1. 
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From equation (7), Xbkl+X2, Ybkl+Y2, and Zbkl+Z2 are tristimulus values 
in displaying black on the image display means 3, taking the influence of external light 
into consideration. From equation (7), the variations in the tristimulus values Xbkl, 
Ybkl and Zbkl in displaying black under no influence of external light, and the 
variations in the tristimulus values X2, Y2 and Z2 of a reflected light of external light, 
exert the same influence on the tristimulus values X3, Y3 and Z3 of the light entering the 
eyes of the viewer. In the first preferred embodiment, the case of correcting the 
influence of tristimulus values X2, Y2 and Z2 of a reflected light of external light will be 
described. 

When the influence of the tristimulus values X2 5 Y2 and Z2 of a reflected light 
of external light is corrected by the black correction means 2A, these tristimulus values 
X2, Y2 and Z2 are considered as a virtual increment of emission in the image display 
means 3. In this case, black-approximated data R3 5 G3 and B3 become data for 
generating the virtual increment of emission which are inputted to the image display 
means 3. Here black-corrected data R2 5 G2 and B2 to be inputted to the image display 
means 3 under no influence of external light, are especially taken as R20, G20 and B20. 
Tristimulus values of the color (light) displayed on the image display means 3 under no 
influence of external light are expressed by the following equation (8), which is given by 
replacing R2, G2 and B2 in equation (6), with R20, G20 and B20, respectively. 
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Since under the influence of external light, the above-mentioned tristimulus 
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values X2, Y2 and Z2 of the reflected light of external light are considered as a virtual 
increment of emission due to the black-approximated data R3, G3 and B3 in the image 
display means 3, equation (7) can be rewritten into the following equation (9). 



X3 




XI 




X2 




axr 


axg 


axb 


~R20 + R3~ 




'Xbkl 


Y3 




Yl 


+ 


Y2 




ayr 


ayg 


ayb 


G20 + G3 


+ 


Ybkl 


Z3 




Zl 




Z2 




azr 


azg 


azb 


£20 + 53 




Zbkl 



From equations (8) and (9), the following equation (10) is obtained. 
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By using equation (10), black-approximated data R3, G3 and B3 are obtainable 
from the tristimulus values X2, Y2 and Z2 of a reflected light of external light on the 
surface of the image display means 3. In calculating black-approximated data R3, G3 
and B3 in the first preferred embodiment, specified values Xe, Ye and Ze of the 
tristimulus values of a reflected light of external light are used instead of the tristimulus 
values X2, Y2 and Z2. In this case, black-approximated data R3, G3 and B3 are found 
from equation (11), which is given by replacing X2, Y2 and Z2 in equation (10), with Xe, 
Ye and Ze, respectively. 
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Description will now be made of black-approximated data R3, G3 and B3. 
Black-approximated data R3, G3 and B3 are data to be calculated from a luminance or 
chromaticity in displaying black with the image display means 3, which is specified by a 
viewer. A luminance or chromaticity in displaying black under no influence of external 
light and a luminance or chromaticity of a reflected light of external light, are related to a 
luminance or chromaticity in displaying black. The luminance or chromaticity in 
displaying black under no influence of external light relates to the characteristic of the 
image display means 3, and the luminance or chromaticity of a reflected light of external 
light relates to the brightness or chromaticity of the external light reflected from the 
image display means 3. 

Tristimulus values X31, Y31 and Z31 of the color displayed when 
black-approximated data R3, G3 and B3 are inputted to the image display means 3, are 
X3, Y3 and Z3 when R2=R3, G2=G3, and B2=B3 in equation (7). From equations (1 1) 
and (7), the following equation (12) is obtained. 
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Tristimulus values X30, Y30 and Z30 in displaying black on the image display 
means 3 are obtainable by setting to that R2=0, G2=0, and B2=0 in equation (7), and are 
expressed by the following equation (13): 
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From equations (12) and (13), a difference between the tristimulus values X31, 
Y31 and Z31 of the color displayed when black-approximated data R3 5 G3 and B3 are 
inputted to the image display means 3, and the tristimulus values X30, Y30 and Z30 in 
displaying black on the image display means 3, is the tristimulus values Xe, Ye and Ze of 
the reflected light of external light on the surface of the image display means 3, which has 
been specified by the viewer. As concerns only a luminance component Y (e.g., Y30 
and Y31) in the tristimulus values, the above-mentioned relationship holds again in 
luminance. 

Black-approximated data R3, G3 and B3 calculated in the black-approximated 
data calculating means 4A are inputted to the black correction means 2A. 

The black correction means 2A for executing a black correction processing 
receives image data after input processing Rl, Gl and Bl obtained by the input image 
processing means 1 and also the black-approximated data R3, G3 and B3, thereby to 
calculate and output black-corrected image data R2, G2 and B2. The black-corrected 
image data R2, G2 and B2 from the black correction means 2A are then sent to the image 
display means 3. 

The term "black correction" in the present specification means correction of 
black reproducibility, and is used in general for correction of "black fading" due to the 
influence of external light, and for correction of "black fading" due to the characteristic of 
an image display means. The term "black fading" means such a phenomenon that black 
is not the real black but it looks like a brighter gray. The black fading lowers the 
contrast of image and gives the viewer such an impression that the image is whitish as a 
whole. 

Specifically, "black correction" means that when the influence of external light 
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is large, alternatively, the luminance or tristimulus values in displaying black on an image 
display means is large, an image signal processing is performed so that the luminance, 
chromaticity or tristimulus values of the color displayed on the image display means are 
equated to that when the influence of external light is small, alternatively, the luminance 
or tristimulus values in displaying black on the image display means is small. 

In the image display means 3, each pixel emits a light according to the value of 
the corresponding black-corrected image data R2, G2 and B2, thereby performing an 
image display processing on a predetermined screen. Examples of the image display 
means 3 are a liquid crystal panel or CRT. 

Fig. 5 is a block diagram illustrating an internal configuration of the black 
correction means 2 A in Fig. 1. As shown in Fig. 5, the black correction means 2 A is 
made up of a subtraction data calculating means 10A, a subtraction means 11, and a 
limiter 13. 

Referring to Fig. 5, the operation of the black correction means 2 A will be 
described. Black-approximated data R3, G3 and B3 inputted to the black correction 
means 2 A are then inputted to the subtraction data calculating means 10A. From the 
inputted black-approximated data R3, G3 and B3, the subtraction data calculating means 
10A calculates and outputs subtraction data R4, G4 and B4. With the subtraction data 
calculating means 1 OA in the first preferred embodiment, the black-approximated data R3, 
G3 and B3 are directly outputted as subtraction data R4, G4 and B4, namely, it is 
assumed that R4=R3, G4=G3, and B4=B3 . 

The subtraction data calculating means 10A is merely required to be configured 
such that black-approximated data R3, G3 and B3 can be directly outputted as subtraction 
data R4, G4 and B4. Therefore, the subtraction data calculating means 10A can be 
realized with a simple circuit configuration, and it may be configured with hardware or 
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software. 

On receipt of the image data after input processing Rl, Gl, Bl and the 
subtraction data R4, G4, B4, the subtraction means 11 performs a relatively simple 
subtraction processing shown in the following equation (14), to calculate and output data 
after subtraction R5, G5 and B5. The subtraction means 11 may be configured with 
hardware such as a subtracter, alternatively, it may be realized with software. 

R5=R1-R4 

G5=G1-G4 •■• (14) 
B5=B1-B4 

The data after subtraction R5, G5 and B5 outputted from the subtraction means 
1 1 are then inputted to the limiter 13. In the limiter 13, data having a negative value in 
the data after subtraction R5, G5 and B5 is regarded as "0", and data having a value more 
than "0" is directly outputted as black-corrected image data R2, G2 and B2. It is 
therefore able to reliably avoid the disadvantage that black-corrected image data R2, G2 
and B2 are less than "0". 

Assume that the image display means 3 is one in which the relationship 
between the size of black-corrected image data R2 5 G2 and B2 to be inputted and 
tristimulus values XI, Yl and Zl of a color (light) to be displayed is expressed by the 
following equation (15) in equation (6).. 

axr=0.4124, axg=0.3576, axb=0.1805, 
ayr=0.2126,ayg=0.7152,ayb=0.0722, ••• (15) 
azr=0.0193, azg=0.1192, azb=0.9505 

In equation (6), Xbkl, Ybkl and Zbkl are values expressed by the following 
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equation (16). 

Xbkl=l 

Ybkl=l ••• (16) 
Zbkl=l 

Assume that data after input processing Rl, Gl and Bl to be outputted from the 
input image processing means 1 are integers and values in the range expressed by the 
following equation (17). 

O^Rl^lOO 
O^Gl^lOO ••• (17) 
O^Bl^lOO 

•4^4sttmulus values ot a reflected light o f cxlmual light o*i the s urface of the 

image display means 3 are taken as X2=9.505, Y2=10, and Z2=10.89. Intj^is-time, from 
equation (10), a black-approximated data should be R3=J^fo3=10, and B3=10. 
Therefore, when the black-approximated data emulated based on black-display 
characteristic specifying data by the blac^a^proximated data calculating means 4 are 
R3=10, G3=10, and B3=10, thapi<\^en X2=Xe, Y2=Y3, and Z2=Ze, the influence of 
external light can be effected most suitably. Since in the first preferred embodiment, 
R4=R3, G4^3fand B4=B3, the data after subtraction R5, G5 and B5 to be outputted 

-ihjmthe subtractio n "^a n . S 1 1 arg '"vprn n nnd hy tho following pqnnfirm (\ R\ 



R5=R1-10 

G5=G1-10 ■•■ (18) 
B5=B1-10 
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Here, the data after subtraction R5, G5 and B5 have a negative value when the 
image data after input processing Rl, Gl and Bl have a value less than 10. Therefore, 
in the limiter 13, such a negative value is replaced with "0", and then outputted as 
black-corrected data R2, G2 and B2. 

Thus, with the image display device of the first preferred embodiment, the 
influence of external light can be removed in a pseudo fashion by subtracting the 
subtraction data R4, G4 and B4 (i.e., black-corrected image data R2, G2 and B2) from the 
image data after input processing Rl, Gl and Bl. 

Fig. 6 is an explanatory diagram showing in the form of table the relationship 
between image data after input processing Rl, Gl, Bl and black-corrected data R2, G2, 
B2, and tristimulus values X3, Y3, Z3 based on the CIE XYZ colorimetric system of the 
color (light) entering the eyes of a viewer under the influence of external light in the 
image display device of the first preferred embodiment. Specifically, Fig. 6 shows the 
case that the relationship of R1=G1=B1 holds, i.e., that an achromatic data is inputted to 
the black correction means 2A. 

In Fig. 6, in the tristimulus values of the color (light) entering the eyes of the 
viewer when R2 5 G2 and B2 are inputted to the image display means 3, the ratio of a Y3 
corresponding to a luminance to a Y3 when Rl=100 5 Gl=100 and Bl=100 (i.e., in 
displaying white) is indicated as a ratio to white (Y/Ymax). 

Fig. 7 is an explanatory diagram showing in the form of table the relationship 
between image data after input processing Rl, Gl and Bl, and tristimulus values X3, Y3, 
Z3 of the color (light) entering the eyes of a viewer, under no influence of external light. 
Note that under no influence of external light, black-approximated data are R3=0, G3=0, 
and B3=0. 

A comparison of Fig. 6 with Fig. 7 indicates that in the image display device of 
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the first preferred embodiment, the same display as under no influence of external light is 
realized when the image data after input processing Rl, Gl, Bl have a larger than 
black-approximated dataR3 5 G3, B3 (=10, 10, 10). 

In general, black-approximated data R3, G3 and B3 usually have a small value, 
namely about one tenth that of image data after input processing Rl, Gl and Bl. With 
the image display device of the first preferred embodiment, even under the influence of 
external light, a large proportion of data can be displayed at the same condition as under 
no influence of external light, in the following manner that a viewer specifies the 
brightness of an external light reflected as a black-display characteristic specifying data 
BD1, by using the black-display characteristic specifying means 5 A. This enables to 
provide an image having a large contrast and excellent visibility to the viewer. 

There are also the following advantages. Firstly, since the viewer can specify 
a black-display characteristic with the brightness of an external light reflected, no special 
knowledge and experience for specifying a black-display characteristic is needed, and it is 
easy to specify the black-display characteristic. 

Secondly, in the image display device of the first preferred embodiment, an 
image processing of the data inputted to the image display means 3 is performed without 
changing the brightness of display on the image display means 3. This causes no 
problem of increasing cost and power consumption and decreasing useful life. 

Thirdly, since the brightness of a reflected light of external light is a general 
reference, the viewer can specify a black-display characteristic specifying data with the 
black-display characteristic specifying means 5 A, without any special knowledge about 
color and light. 

Fourthly, disarrangement of gradation may occur if data after input processing 
Rl, Gl and Bl have a value smaller than black-approximated data R3, G3 and B3, 
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respectively. However, as described above, the black-approximated data R3, G3 and B3 
usually have a small value of about one tenth at the most, than the data after input 
processing Rl, Gl and Bl. Therefore, the device is free of such a large disarrangement 
of gradation as in the case of increasing the gain of the data inputted to the image display 
means 3. 

Fig. 8 is a graph showing the relationship between image data after input 
processing Rl, Gl, Bl and a luminance stimulus value Y3. In Fig. 8, a continuous line 
represents the image display device of the first preferred embodiment under the influence 
of external light, an alternate long and short dash line represents a conventional image 
display device under the influence of external light, and a dotted line represents the case 
having no influence of external light in the first preferred embodiment or the 
conventional device. From Fig. 8, it can be easily understood that the same display as 
under no influence of external light is realized when image data after input processing Rl 5 
Gl and Bl have a value larger than black-approximated data R3, G3, B3 (=10, 10, 10). 
Second Preferred Embodiment 

Fig. 9 is a block diagram illustrating a configuration of a black correction 
means in an image display device according to a second preferred embodiment. 
Referring to Fig. 9, a black correction means 2B of this embodiment is made up of a 
subtraction data calculating means 10B (a multiplication factor calculating means 16, and 
a multiplication means 17) and a subtraction means 11. The subtraction means 1 1 is the 
same as that of the first preferred embodiment shown in Fig. 5. The overall 
configuration is the same as that of the first preferred embodiment shown in Fig. 1, 
except that the black correction means 2 A is replaced with the black correction means 2B. 

Like the first preferred embodiment, black-approximated data R3, G3 and B3 
inputted to the black correction means 2B are then inputted to the subtraction data 
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calculating means 10B in which subtraction data R4, G4 and B4 are calculated. 

The subtraction data calculating means 10B is made up of the multiplication 
means 17 and the multiplication factor calculating means 16. The multiplication factor 
calculating means 16 receives the image data after input processing Rl, Gl, Bl and the 
black-approximated data R3 5 G3, B3. Based on these data, the subtraction data 
calculating means 16 calculates and outputs a multiplication factor p. 

The multiplication means 17 receives the multiplication factor p from the 
multiplication factor calculating means 16 and the black-approximated data R3, G3, B3. 
Then the multiplication means 17 performs a multiplication processing in the following 
equation (19), to calculate subtraction data R4, G4, B4. The multiplication means 17 
may be configured with hardware such as existing multiplier, or software. 

R4=p-R3 

G4=p-G3 ■•• (19) 
B4=p-B3 

The subtraction means 1 1 receives the image after input processing Rl, Gl, Bl 
and the subtraction data R4, G4, B4, and performs a subtraction processing in the 
following equation (20), to calculate and output black-corrected data R2, G2 and B2. 

R2=R1-R4 

G2=G1-G4 •■• (20) 
B2=B1-B4 

Fig. 10 is a block diagram illustrating a configuration of the multiplication 
factor calculating means 16. As shown in Fig. 10, the multiplication factor calculating 
means 16 is made up of look-up tables 19a to 19c, and a minimum value selection means 
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21. 



In the look-up table 19a, the image data after input processing Rl is used as an 
address, and the corresponding multiplication factor is stored in advance. Therefore, the 
look-up table 19a outputs a multiplication factor pr (<1) that corresponds to the value of 
the image data after input processing Rl. The same is true for the look-up tables 19b 
and 19c. The look-up table 19b outputs a multiplication factor pg (<1) that corresponds 
to the value of the image data Gl, and the look-up table 19c outputs a multiplication 
factor pb (<1) that corresponds to the value of the image data B 1 . 

Referring to Fig. 10, the image data after input processing Rl, Gl and Bl are 
inputted to the look-up tables 19a, 19b and 19c, from which outputted are multiplication 
factors pr, pg and pb that correspond to the image data Rl, Gl and Bl, respectively. 

The multiplication factors pr, pg and pb from the look-up tables 19a, 19b and 
19c, are then inputted to the minimum value selection means 21, from which outputted as 
a multiplication factor p is the minimum value in the multiplication factors pr, pg and pb. 
The minimum value selection means 21 may be configured with hardware or software. 

In the image display device of the second preferred embodiment, as described 
above, the subtraction means 11 calculates black-corrected data R2, G2 and B2 by 
subtracting the subtraction data R4, G4 and B4 from the image data after input processing 
Rl, Gl and Bl. Theoretically, the subtraction data R4, G4 and B4 should be equal to 
black-approximated data R3, G3 and B3. However, the black-approximated data R3, 
G3 and B3 are values to be generated based on a black-display characteristic specifying 
data BD1, and these data do not change according to the values of the image data after 
input processing Rl, Gl and Bl. Therefore, in the case that the subtraction data R4, G4 
and B4 are equal to the black-approximated data R3, G3 and B3, if the values of the 
image data after input processing Rl, Gl and Bl are smaller than the black-approximated 
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data R3, G3 and B3, a negative value will occur in black-corrected data. 

For this, when the values of the image data after input processing Rl, Gl and 
Bl are smaller than a predetermined value, factors pr, pg and pb, each being smaller than 
1, are generated and multiplied with the black-approximated data to obtain subtraction 
data. Thereby, the subtraction data R4, G4 and B4, which are smaller than the 
black-approximated data R3, G3, B3, can be generated from the multiplication means 17, 
and it is avoided that a negative value occurs in the black-corrected data R2, G2 and B2. 
Thus, the multiplication factor calculating means 16 outputs the minimum value of the 
multiplication factors pr, pg and pb, as a multiplication factor p. It is therefore able to 
avoid the occurrence of a negative value in the black-corrected data R2, G2 and B2. 

On the other hand, when the values of image data Rl, Gl and Bl are larger 
than a predetermined value, black-approximated data R3, G3 and B3 are adopted as 
subtraction data R4, G4 and B4, respectively. Therefore, even under the influence of 
external light, a large proportion of data can be displayed at the same condition as under 
no influence of external light. 

Accordingly, with the image display device of the second preferred 
embodiment, even under the influence of external light, a large proportion of data can be 
displayed at the same condition as under no influence of external light, by appropriately 
setting the above-mentioned predetermined value. This enables to provide an image 
having a large contrast and excellent visibility to the viewer. 

Although the image display device of the first preferred embodiment suffers 
from a "black disarrangement" phenomenon that a luminance is kept constant in such a 
region that image data after input processing Rl, Gl and Bl have a smaller value than 
black-approximated data R3, G3 and B3. Whereas in the image display device of the 
second preferred embodiment, the "black disarrangement" can be suppressed by allowing 
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the look-up tables to store a suitable multiplication factor. 

Fig. 11 is a graph showing a relationship between image data after input 
processing and black-corrected data. Consider now the case of storing, in the look-up 
table 19a, such a multiplication factor pr with which the image data after input processing 
Rl and black-corrected data R2 have the relationship shown in Fig. 11. In this case, R2 
is expressed by the following equation (21). 



R2 = R\- R3 when Rl > 2 • R3 

R] 

2 



i?2=— whenR\<2-R3 "' (21) 



Since a subtraction data R4 is a difference between the black-corrected data R2 
and the image data after input processing Rl, it can be expressed by the following 
equation (22). 



RA = R3 whenR\>2-R3 

R4 = — whenR\<2-R3 *" (22) 
2 

The multiplication factor pr is a ratio of the subtraction data R4 to the 
black-approximated data R3, and it can be found from the following equation (23). 
Although the multiplication factor pr was described in the foregoing, the same is true for 
multiplication factors pg and pb. 

pr = 1 when Rl>2-R3 

pr=-^~ whenR\<2-R3 "** (23) 
2-i?3 

In the second preferred embodiment, the minimum value in the multiplication 
factors pr, pg and pb is selected as a multiplication factor p, in order to avoid the 
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occurrence of a negative value in the black-corrected data R2, G2 and B2. 

Like the first preferred embodiment, when the tristimulus values of a reflected 
light of external light on the surface of the image display means 3 are taken as X3=9.505, 
Y3=10, and Z3=10.89, black-approximated data should be R3=10 3 G3=10, and B3=10. 
Therefore, the influence of external light can be corrected most suitably when the 
black-approximated data are R3=10, G3=10, and B3=10, which the black-approximated 
data calculating means 4A has calculated based on the black-display characteristic 
specifying data BD1. 

Fig. 12 is an explanatory diagram showing in the form of table the relationship 
between image data after input processing Rl, Gl, Bl and black-corrected data R2, G2, 
B2, and tristimulus values X3, Y3, Z3 of the color (light) entering the eyes of a viewer 
under the influence of external light in the image display device of the second preferred 
embodiment. Specifically, Fig. 12 shows the case that the relationship of R1=G1=B1 
holds, i.e., that an achromatic data is inputted to the black correction means 2B. 

In Fig. 12, in the tristimulus values of the color (light) entering the eyes of the 
viewer when R2, G2 and B2 are inputted to the image display means 3, the ratio of a Y3 
corresponding to a luminance to a Y3 when Rl=100, Gl=100 and Bl=100 (i.e., in 
displaying white) is indicated as a ratio to white (Y/Y max). 

As in the first preferred embodiment, the tristimulus values of a reflected light 
of external light on a predetermined screen of the image display means 3 are taken as 
X3=9.505, Y3=10, and Z3=10.89. At this time, black-approximated data results in that 
R3=10, G3=10, and B3=10. 

With the image display device of the second preferred embodiment, when the 
image data after input processing Rl, Gl and Bl have a value larger than twice 
black-approximated data R3, G3, B3 (R3=10, G3=10, B3=10), the same display as under 
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no influence of external light is realized. In general, the black-approximated data R3, 
G3 and B3 usually have a small value, namely about one tenth that of the image data after 
input processing Rl, Gl and Bl . With the image display device of the second preferred 
embodiment, even under the influence of external light, a large proportion of data can be 
displayed at the same condition as under no influence of external light. This enables to 
provide an image having a large contrast and excellent visibility to the viewer. 

The image display device of the first preferred embodiment suffers from the 
"black disarrangement" phenomenon that a luminance is kept constant in such a region 
that image data after input processing Rl, Gl and Bl have a smaller value than 
black-approximated data R3, G3 and B3, whereas the image display device of the second 
preferred embodiment is free of the "black disarrangement" phenomenon because the 
subtraction data calculating means 10B calculates subtraction data R4, G4 and B4, based 
on the image data Rl, Gl and Bl. In the image display device of the second preferred 
embodiment, the range of the image data after input processing Rl, Gl and Bl in which 
the same display as under no influence of external light is realized, depends on the 
contents of the multiplication factors pr, pg and pb to be stored in the look-up tables 19a, 
19b and 19c. 

Fig. 13 is a graph showing the relationship between image data after input 
processing Rl, Gl and Bl, and a luminance stimulus value Y3. In Fig. 13, a continuous 
line represents the image display device of the second preferred embodiment under the 
influence of external light, an alternate long and short dash line represents a conventional 
image display device under the influence of external light, and a dotted line represents the 
case having no influence of external light in both of this embodiment and the 
conventional device. 
Third Preferred Embodiment 
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Fig. 14 is a block diagram illustrating a configuration of an image display 
device according to a third preferred embodiment. As shown in Fig. 14, an input image 
processing means 1, an image display means 3, a black-approximated data calculating 
means 4A and a black-display characteristic specifying means 5A are the same as that of 
the first preferred embodiment shown in Fig. 1. The third preferred embodiment is 
different from the first preferred embodiment in that a look-up table 9 and a table data 
writing means 22 are used in place of the black correction means 2A, as a black 
correction processing executing means. That is, a black correction part 52 is made up of 
the black-display characteristic specifying means 5A, black-approximated data 
calculating means 4A 5 look-up table 9 and table data writing means 22. 

In the image display device of the third preferred embodiment, the processing 
in the black correction means 2 A is realized by the look-up table 9. 

The table data writing means 22 receives black-approximated data R3, G3 and 
B3 from the black-approximated data calculating means 4 A and, based on these data R3, 
G3 and B3, previously calculates the values of data after black correction R2, G2 and B2, 
with respect to all combinations of data after input processing Rl, Gl and Bl . 

After calculating the data after black correction R2, G2 and B2, the table data 
writing means 22 writes to the look-up table 9 a table data TD in the form of table in 
which the values of the calculated black-corrected data R2, G2 and B2 are associated with 
the values of the data after input processing Rl, Gl and Bl, each being used as a write 
address. The black-corrected data R2, G2 and B2 with respect to the image data after 
input processing Rl, Gl and Bl can be calculated by using the method described in the 
first preferred embodiment. The table data writing means 22 may be configured with 
hardware or software. 

The calculation of the black-corrected data R2, G2 and B2 performed by the 
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look-up table 9 is realized by reading out the written table data TD. To the look-up table 
9, the image data after input processing Rl, Gl and Bl from the input image processing 
means 1 are inputted as a read address, and the table data R2, G2 and B2 stored in the 
address are outputted as a black-corrected data. 

Fig. 15 is a diagram illustrating a relationship between the data after input 
processing Rl and black-corrected data R2. As shown in Fig. 15, when the 
black-corrected data R2 depends only on the image data after input processing Rl and 
depends on neither the data after input processing Gl nor Bl, the data R2 can be 
calculated from a one-dimensional look-up table using only the image data after input 
processing Rl as an address. Similarly, when the black-corrected data G2 depends only 
on the image data after input processing Gl and depends on neither the data after input 
processing Rl nor Bl, the data G2 can be calculated from a one-dimensional look-up 
table using only the image data after input processing Gl as an address. Similarly, when 
the black-corrected data B2 depends only on the image data after input processing Bl and 
depends on neither the data after input processing Rl nor Gl, the data B2 can be 
calculated from a one-dimensional look-up table using only the image data after input 
processing Bl as an address. 

On the other hand, when each of the black-corrected data R2, G2 and B2 is a 
value that depends on a combination of the image data after input processing Rl, Gl and 
Bl, black-corrected data R2, G2 and B2 can be calculated from a three-dimensional 
look-up table using the image data after input processing Rl, Gl and Bl, as an address. 

In the image display device of the third preferred embodiment, the processing 
of the black correction means 2A in the first or second preferred embodiment is realized 
by a look-up table, resulting in a simple circuit configuration. This is because the 
look-up table can be realized with memory of the type which reads the value of the 
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black-corrected image data R2, G2 and B2, by using the image data Rl, Gl and Bl as an 
address. Further, the use of the look-up table offers the following effects that the 
contents of the table can be set freely to increase the degree of freedom, and that the 
contents of the table can be rewritten to change the processing contents. 

In addition, with the image display device of the third preferred embodiment, 
even under the influence of external light, a large proportion of data can be displayed at 
the same condition as under no influence of external light. 
Fourth Preferred Embodiment 

Fig. 16 is an explanatory diagram illustrating a menu of a black-display 
characteristic specifying means 5B to be displayed on a screen of an image display means 
3 in an image display device according to a fourth preferred embodiment. As shown in 
Fig. 16, the brightness of a black display can be specified by a black-display brightness 
specifying bar 32. The configuration of this embodiment is the same as that of the first 
preferred embodiment, except that the black-display characteristic specifying means 5A 
and black-approximated data calculating means 4A are replaced with a black-display 
characteristic specifying means 5B and a black-approximated data calculating means 4B, 
respectively. 

A viewer specifies a black-display characteristic by setting a value of the 
black-display brightness specifying bar 31 on the menu shown in Fig. 16. As a method 
of setting the value of the specifying bar 3 1 , for example, the viewer operates a "+" key or 
key of a remote controller. The specifying bar 3 1 informs the viewer of the set value 
by a change in the display color or display brightness. In the example of Fig. 16, the 
black-display brightness is set at the third step. 

The black-display characteristic specifying means 5B generates a black-display 
characteristic specifying data from the value of the black-display brightness specifying 
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bar 3 1 specified by the viewer. For example, the value of the specifying bar 3 1 can be 
used as a black-display characteristic specifying data. Therefore, in the example of Fig. 
16, the black-display characteristic specifying means 5B outputs "3" as a black-display 
characteristic specifying data, to the black-approximated data calculating means 4B. 

Fig. 17 is an explanatory diagram illustrating a flow of a calculation processing 
of black-approximated data R3, G3 and B3 in the black-approximated data calculating 
means 4B. Referring to Fig. 17, description will be made of a calculation processing of 
black-approximated data R3, G3 and B3 in the black-approximated data calculating 
means 4B. 

Firstly, in step S21, based on a predetermined reference, the image display 
means 3 calculates specified values of the luminance in displaying black (Ybke+Ye) from 
the value of a black-display characteristic specifying data BD2. 

In the specified values of the luminance in displaying black with the image 
display means 3, "Ybke" is a component of the luminance in displaying black with the 
image display means 3 under no influence of external light. The luminance in 
displaying black with the image display means 3 under no influence of external light, 
depends on the characteristic of the image display means 3. For instance, when a liquid 
crystal display is used as an image display means 3, the transmittance of liquid is changed 
by changing the amount of transmittance of the light from a light source, thereby 
performing an image display. Even in displaying black, it is impossible to completely 
block the light from the light source, therefore, the luminance in displaying black with the 
image display means 3 under no influence of external light, has usually a value not "0". 
In the specified values of the luminance in displaying black with the image display means 
3, "Ye" is a component of the luminance of the external light reflected from the image 
display means 3. Therefore, (Ybke+Ye) becomes a specified value of the luminance in 
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displaying black with the image display means 3, taking the influence of external light 
into consideration. 

Fig. 1 8 is an explanatory diagram showing in the form of table the relationship 
between the black-display characteristic specifying data BD2 and specified values 
(Ybke+Ye) of the luminance in displaying black. In executing step SI 1, the relationship 
shown in Fig. 1 8 can be used, for example. 

In step S22, the specified values (Xbke+Xe), (Ybke+Ye) and (Zbke+Ze) of the 
tristimulus values in displaying black with the image display means 3 are calculated 
based on the specified value (Ybke+Ye). 

Referring to Fig. 18, the black-approximated data calculating means 4B holds 
in advance the tristimulus values (Xbke, Ybke, Zbke) in displaying black under no 
influence of external light, and the ratio (Xe:Ye:Ze) of the tristimulus values in displaying 
black with the image display means 3. From the ratio (Xe:Ye:Ze), the tristimulus values 
(Xbke, Ybke, Zbke), and the specified value of the luminance obtained in step S21, the 
black-approximated data calculating means 4B calculates the specified values (Xbke+Xe), 
(Ybke+Ye) and (Zbke+Ze) in displaying black with the image display means 3. 

Like "Ybke", "Xbke" and "Zbke" are components of the tristimulus values in 
displaying black with the image display means 3 under no influence of external light, in 
the specified values of tristimulus values in displaying black with the image display 
means 3. Also, like "Ye", "Xe" and "Ze" are components of the tristimulus values of the 
external light reflected from the image display means 3, in the specified values of the 
tristimulus values in displaying black with the image display means 3. Therefore, like 
(Ybke+Ye), (Xbke+Xe) and (Zbke+Ze) become specified values of the tristimulus values 
in displaying black with the image display means 3, taking the influence of external light 
into consideration. 
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The tristimulus values (Xbke+Xe), (Ybke+Ye) and (Zbke+Ze) in displaying 
black, which are held in the black-approximated data calculating means 4B, can be stored 
by dividing them into the tristimulus values Xbke, Ybke and Zbke in displaying black 
under no influence of external light, and the ratio Xe:Ye:Ze of the tristimulus values of a 
reflected light of external light. The tristimulus values Xbke, Ybke and Zbke in 
displaying black under no influence of external light can be measured previously, for 
example, when manufacturing the image display device. The ratio of tristimulus values 
of a reflected light of external light can also be a value previously measured in the 
environment in which the image display device is used. If such environment is unaware 
in advance, a representative ratio of tristimulus values of a light source may be used. 
For instance, if it is assumed that a spectral distribution of a reflected light of external 
light is the same as that of D 6 s that is a standard light source, X3:Ye:Ze=0.9505:l :1 .089. 

Consider now the case that a luminance (Ybke+Ye) in displaying black with the 
image display means 3 is specified as being 30 cd/(m 2 ) and, among the stored tristimulus 
values in displaying black under no influence of external light, Ybke is 10 cd/(m 2 ). In 
this case, Ye=20 cd/(m 2 ) is obtained, and Xe and Ze are found from the stored ratio 
Xe:Ye:Ze of the tristimulus values of a reflected light of external light. Further, 
(Xbke+Xe), (Ybke+Ye) and (Zbke+Ze) can be found by using the tristimulus values 
Xbke and Zbke in displaying black under no influence of external light, which are stored 
in the black-approximated data calculating means 4B. 

In the case that Xe and Ze are found from the luminance Ye of a reflected light 
of external light by assuming a spectrum distribution of the reflected light of external 
light, a difference between the actual spectrum distribution of external light and the 
assumed spectrum distribution results in a difference in the chromaticity of the color 
displayed on the image display means 3 by black-corrected data. 
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In step S23, black-approximated data R3, G3 and B3 are calculated based on 
the tristimulus values (Xbke+Xe), (Ybke+Ye) and (Zbke+Ze) in displaying black with the 
image display means 3. This calculation method will be described below. 

Like the first preferred embodiment, tristimulus values X3, Y3 and Z3 of the 
light entering the eyes of a viewer of the image display device under the influence of 
external light are expressed by the sum of the tristimulus values XI, Yl and Zl of the 
color displayed on the image display means 3 by black-corrected data R2, G2, B2, and the 
tristimulus values X2, Y2, Z2 of a reflected light. That is, X3, Y3 and Z3 are expressed 
by the following equation (24). 
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In equation (24), axr, ayr, azr, axg, ayg, azg, axb, ayb, azb, and Xbkl, Ybkl, 
Zbkl, are values that depend on the characteristic of the image display means 3. 
Although the tristimulus values Xbkl, Ybkl and Zbkl in displaying black under no 

15 influence of external light, that is, when R2=G2=B2=0, have in fact a value larger than 
M 0", all of these values should theoretically be "0", and a smaller value is more desirable. 

From equation (24), taking the influence of external light into consideration, the 
tristimulus values in displaying black on the image display means 3 are (Xbkl-KX2), 
(Ybkl+Y2), and (Zbkl+Z2). Based on the tristimulus values thus obtained, 

20 black-approximated data R3, G3 and B3 can be obtained from the following equation 
(25). 
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In calculating black-approximated data R3, G3 and B3 in the fourth preferred 
embodiment, the specified values (Xbke+Xe), (Ybke+Ye) and (Zbke+Ze) of the 
tristimulus values in displaying black are used instead of the tristimulus values 
(Xbkl+X2), (Ybkl+Y2) and (Zbkl+Z2) in displaying black with the image display 
means 3, taking the influence of external light into consideration. In this case, the 
black-approximated data R3, G3 and B3 are found from the following equation (26), 
which is obtained by replacing (Xbkl+X2), (Ybkl+Y2) and (Zbkl+Z2) in equation (25) 
with (Xbke+Xe), (Ybke+Ye) and (Zbke+Ze), respectively. 
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Tristimulus values X31, Y31 and Z31 of the color displayed when 
black-approximated data R3, G3 and B3 are inputted to the image display means 3, are 
X3, Y3 and Z3 that are found from equation (24) where R2=R3, G2=G3, and B2=B3. 
From equations (24) and (26), the following equation (27) is obtained. 
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Tristimulus values X30, Y30 and Z30 in displaying black with the image 
display means 3 are found from equation (24) where R2=0, G2=0, B2=0, and are 
expressed by the following equation (28). 
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From equations (27) and (28), a difference between the tristimulus values, X31, 
Y31, Z31 of the color displayed when the black-approximated data R3, G3 and B3 are 
inputted to the image display means 3 5 and the tristimulus values X30, Y30 and Z30 in 
displaying black with the image display means 3, become specified values (Xbke+Xe), 
(Ybke+Ye) and (Zbke+Ze) of the tristimulus values in displaying black with the image 
display means 3 under the influence of external light. As concerns only a luminance 
component Y (e.g., Y30 and Y31) of tristimulus values, the above-mentioned relationship 
holds again in luminance. 

The effects of the image display device of the fourth preferred embodiment will 
be described. In this embodiment, the configuration of the black correction means 2 A is 
the same as that of the first preferred embodiment. Therefore, from the following 
equation (29), subtraction data R4, G4 and B4 are found from the black-approximated 
data R3,G3 and B3. 

R4=R3 

G4=G3 •■■ (29) 
B4=B3 

From the following equation (30), black-corrected data R2, G2 and B2 are 
found from data after input processing Rl, Gl, Bl and subtraction data R4, G4, B4. 



R2=R1-R4 when R1>R4 
R2=0 whenRl^R4 
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G2=G1-G4 whenGl>G4 ••• (30) 

G2=0 whenGl^G4 
B2=B1-B4 whenBl>B4 
B2=0 whenBl^B4 

From equations (29) and (30), the following equation (31) is obtained. 

R2=R1-R3 when R1>R3 

R2=0 whenRl^R3 

G2=G1-G3 whenGl>G3 — (31) 

G2=0 whenGl^G3 

B2=B1-B3 whenBl>B3 

B2=0 whenBl^B3 

Tristimulus values X3, Y3 and Z3 of the light entering the eyes of a viewer of 
the image display device under the influence of external light, are expressed by equation 
(24), and black-approximated data R3, G3 and B3 are expressed by equation (26). 
Therefore, from equations (24), (26) and (31), the following equation (32) holds when 
R1>R3 and G1>G3 and B1>B3. 
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When tristimulus values (Xbkl+X2), (Ybkl+Y2) and (Zbkl+Z2) in displaying 
black with the image display means 3, taking the influence of external light into 
consideration, is equal to tristimulus values (Xbke+Xe), (Ybke+Ye) and (Zbke+Ze) in 
displaying black specified by the viewer, the tristimulus values X3, Y3 and Z3 of the light 
entering the eyes of the viewer of the image display device are expressed by the following 
equation (33). 
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That is, with the image display device of the fourth preferred embodiment, the 
viewer can specify a black-display characteristic specifying data BD2 by using the 
black-display characteristic specifying means 5B. Then, when data after input 
processing Rl, Gl and Bl have a value larger than R3, G3 and B3, the device is free of 
the influence of external light and realizes the same display as in a virtual image display 
device assuming Xbkl=Ybkl=Zbkl=0. In general, the black-approximated data R3, G3 
and B3 have a smaller value than the data after input processing Rl, Gl and Bl. With 
the image display device of this embodiment, the viewer specifies a brightness in 
displaying black as a black-display characteristic specifying data BD2, by using the 
black-display characteristic specifying means 5B. Thereby, even if the tristimulus 
values in displaying black are large due to both the influence of external light and the 
characteristic of the image display means, a large proportion of data can be displayed at 
the same condition as the case that the tristimulus values (including a luminance 
component) in displaying black are "0". This enables to provide an image having a large 
contrast and excellent visibility to the viewer. 
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In addition, since the viewer can specify a black-display characteristic with a 
brightness in displaying black, no special knowledge and experience for specifying a 
black-display characteristic is needed, thus making it easy to specify the black-display 
characteristic. 

Fifth Preferred Embodiment 

In the fourth preferred embodiment, the menu of the black-display 
characteristic specifying means 5B is configured such that the viewer specifies a 
black-display characteristic by a brightness in displaying black. A fifth preferred 
embodiment is characterized in that a black-display characteristic is specified by a 
luminance in displaying black. 

Fig. 19 is an explanatory diagram illustrating a menu of a black-display 
characteristic specifying means 5 C to be displayed on a screen of an image display means 
3 in an image display device according to a fifth preferred embodiment. Referring to 
Fig. 19, a luminance in displaying black can be specified by operating a black-display 
luminance specifying bar 32. Except for the black-display characteristic specifying 
means 5C and a black-approximated data calculating means 4C, the configuration of the 
fifth preferred embodiment is the same as that of the fourth preferred embodiment. 

A viewer specifies a black-display characteristic by setting a value of the 
black-display luminance specifying bar 32 on the menu shown in Fig. 19. As a method 
of setting the value of the specifying bar 32, for example, the viewer operates a "+" key or 
"-" key of a remote controller. The specifying bar 32 informs the viewer of the set value 
by a change in the display color or display brightness. In the example of Fig. 19, the 
black-display luminance is set to 30 cd/(m ). 

The black-display characteristic specifying means 5C generates a black-display 
characteristic specifying data BD3 from the value of the black-display brightness 
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specifying bar 32 specified by the viewer. For example, the value of the specifying bar 
32 can be employed as a black-display characteristic specifying data BD3. Therefore, 
the black-display characteristic specifying means 5C outputs "30" as a black-display 
characteristic specifying data BD3, to the black-approximated data calculating means 4C. 

The black-approximated data calculating means 4C receives the black-display 
characteristic specifying data BD3 from the black-display characteristic specifying means 
5C, and the calculating means 4C calculates and outputs black-corrected image data R2, 
G2 and B2. In the fourth preferred embodiment, a specified value of the luminance in 
displaying black with the image display means 3 is previously calculated from the 
black-display specifying data BD2 in the black-approximated data calculating means 4B. 
Whereas in the fifth preferred embodiment, it is configured that a viewer specifies a 
luminance itself in displaying black, as a characteristic specifying data BD3. That is, the 
value of the black-display characteristic specifying data BD3 in the black-display 
characteristic specifying means 5C is directly used as a specified value (Ybke+Ye) of the 
luminance in displaying black with the image display means 3. 

Fig. 20 is an explanatory diagram illustrating a flow of a calculation processing 
of black-approximated data R3, G3 and B3 in the black-approximated data calculating 
means 4C. Referring to Fig. 20, description will be made of a calculation processing of 
black-approximated data R3, G3 and B3 in the black-approximated data calculating 
means 4C. 

Firstly, in step S31, based on a specified value (Ybke+Ye) of the luminance in 
displaying black that is specified by a black-display characteristic specifying data BD3, 
specified values (Xbke+Xe), (Ybke+Ye) and (Zbke+Ze) of the tristimulus values in 
displaying black with the image display means 3 are calculated in the same manner as the 
processing of step S22 in the fourth preferred embodiment shown in Fig. 17. 
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In step S32, based on the mentioned specified values (Xbke+Xe), (Ybke+Ye) 
and (Zbke+Ze), black-approximated data R3, G3 and B3 are calculated in the same 
manner as the processing of step S23 in the fourth preferred embodiment shown in Fig. 
17. 

5 With the image display device of the fifth preferred embodiment, since the 

viewer specifies a black-display characteristic with a luminance in displaying black, it is 
able to omit the processing of calculating the luminance in displaying black in the image 
display device (which corresponds to the processing of step S21 in Fig. 17), and also 
avoid a difference between a luminance obtained in calculating the luminance in 
10 displaying black and a luminance that the viewer desires. For instance, if the viewer can 
obtain the correct luminance in displaying black with the image display device by using 
existing measuring method, the obtained luminance value can be set directly. 
Sixth Preferred Embodiment 

In the first preferred embodiment, the menu of the black-display characteristic 
15 specifying means 5 A is configured such that a viewer specifies a black-display 
characteristic by a brightness of a reflected light of external light. A sixth preferred 
embodiment is characterized in that the menu of a black-display characteristic specifying 
means 5D is configured such that a black-display characteristic is specified by a 
luminance of a reflected light of external light. 

21 is an explanatory diagram illus t rating a menu of the black-d is play 
characteristic specifying means 5D to be displayed on a screen of anjinage^isplay means 
3 in an image display device according to the sixjh^prefe^ed embodiment. Referring to 
Fig. 21, the luminance of a reflgctedlight of external light can be specified by operating 
an extemal-lifiht^luminance specifying bar 33. Except* for the black-display 
25 £hap^r\sth i-Gfi^^ means MJ and a blacfc^apprejrimaled data calculating means 4B, 
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the configuration of the sixth preferred embodiment is the same as that of the first 
preferred embodiment. 

The viewer specifies a black-display characteristic by setting a value of the 
external-light luminance specifying bar 33 on the menu shown in Fig. 21. As a method 
of setting the value of the specifying bar 33, for example, the viewer operates a key or 
"-" key of a remote controller. The specifying bar 33 informs the viewer of the set value 
by a change in the display color or display brightness. In the example of Fig. 21, the 
luminance of the reflected light of external light is set to 30 cd/(m 2 ). 

The black-display characteristic specifying means 5D generates a black-display 
characteristic specifying data BD4 from the value of the external-light luminance 
specifying bar 33, which has been specified by the viewer. For example, the value of the 
specifying bar 33 can be employed as a black-display characteristic specifying data BD4. 
Therefore, the black-display characteristic specifying means 5D outputs "30" as a 
black-display characteristic specifying data BD4, to the black-approximated data 
calculating means 4D. 

The black-approximated data calculating means 4D receives the black-display 
characteristic specifying data BD4 from the black-display characteristic specifying means 
5D, and the calculating means 4D calculates and outputs black-approximated data R3, G3 
and B3. In the first preferred embodiment, based on a predetermined reference, the 
black-approximated data calculating means 4A calculates a specified value of the 
luminance of a reflected light of external light in the image display means 3, from a 
black-display specifying data. Whereas in the sixth preferred embodiment, it is 
configured such that a viewer specifies a luminance of a reflected light of external light, 
and the value of the black-display characteristic specifying data BD4 is directly used as a 
specified value Ye of the luminance of the reflected light of external light in the image 
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display means 3. 

Fig. 22 is an explanatory diagram illustrating a flow of a calculation processing 
of black-approximated data R3, G3 and B3 in the black-approximated data calculating 
means 4D. Referring to Fig. 22, description will be made of a calculation processing of 
black-approximated data R3, G3 and B3 in the black-approximated data calculating 
means 4D. 

Firstly, in step S41, based on a specified value Ye of the luminance of a 
reflected light of external light which is specified by a black-display characteristic 
specifying data BD4, specified values Xe, Ye, Ze of the tristimulus values of a reflected 
light of external light in the image display means 3 are calculated in the same manner as 
the processing of step S12 in the first preferred embodiment shown in Fig. 3. In step 
S42, black-approximated data R3, G3 and B3 are calculated in the same manner as the 
processing of step SI 3 in the first preferred embodiment shown in Fig. 3. 

With the image display device of the sixth preferred embodiment, since the 
viewer specifies a black-display characteristic with a luminance of a reflected light of 
external light, it is able to omit the processing of calculating the luminance of a reflected 
light of external light in the image display device (which corresponds to the processing of 
step Sll in Fig. 3), and also avoid a difference between a luminance obtained in 
calculating the luminance of the reflected light of external light and a luminance that the 
viewer desires. For instance, if the viewer can obtain the correct luminance of the 
reflected light of external light in the image display device by using existing measuring 
method, the obtained luminance value can be set directly. 
Seventh Preferred Embodiment 

In the first preferred embodiment, the menu of the black-display characteristic 
specifying means 5A is configured such that a viewer specifies a black-display 
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characteristic by a brightness of a reflected light of external light. A seventh preferred 
embodiment is characterized in that the menu of a black-display characteristic specifying 
means 5E is configured such that the kind of an external light is also used in specifying a 
black-display characteristic. 

Fig. 23 is an explanatory diagram illustrating a menu of the black-display 
characteristic specifying means 5 E to be displayed on a screen of an image display means 
3 in an image display device according to the seventh preferred embodiment. Referring 
to Fig. 23, the brightness of an external light can be specified by operating an 
external-light brightness specifying bar 30, and the kind of the external light can be 
specified by operating an external-light kind specifying menu 34. Except for a 
black-display characteristic specifying means 5A and a black-approximated data 
calculating means 4E, the configuration of the seventh preferred embodiment is the same 
as that of the first preferred embodiment. 

A viewer specifies, on the menu shown in Fig. 23, a black-display characteristic 
by specifying the kind of an external light with the external-light kind specifying menu 34 
and setting a value of the external-light brightness specifying bar 30. As a method of 
setting the values of the external-light kind specifying menu 34 and external light 
brightness specifying bar 30, the viewer operates, for example, a key or key of a 
remote controller. The external light kind specifying menu 34 and external light 
brightness specifying bar 30 inform the viewer of the set value by a change in the display 
color or display brightness. In the example of Fig. 23, the specified kind of the reflected 
light of the external light and the specified brightness of the external light are "fluorescent 
lamp" and "3", respectively. 

The black-display characteristic specifying means 5E generates a black-display 
characteristic specifying data BD5 from the kind and value specified by the viewer 
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through the external light kind specifying menu 34 and external light brightness 
specifying bar 30. For example, the sum of the value determined by the kind of an 
external light and the value of the external-light brightness specifying bar 30, each being 
specified by the viewer, can be used as a black-display characteristic specifying data BD5. 
Examples of the values determined according to the kind of an external light are: "100" 
for fluorescent lamp; "200" for sunlight; and "300" for incandescent lamp. Thus in the 
example of Fig. 23, the black-display characteristic specifying means 5E outputs "103" as 
a black-display characteristic specifying data BD5, to the black-approximated data 
calculating means 4E. 

The black-approximated data calculating means 4E receives the black-display 
characteristic specifying data BD5 from the black-display characteristic specifying means 
5E 5 and calculates and outputs black-corrected image data R2, G2 and B2. 

Fig. 24 is an explanatory diagram illustrating a flow of a calculation processing 
of black-approximated data R3, G3 and B3 in the black-approximated data calculating 
means 4E.. Referring to Fig. 24, description will be made of a calculation processing of 
black-approximated data R3, G3 and B3 in the black-approximated data calculating 
means 4E. 

Firstly, in step S51, of the black-display characteristic specifying data BD5, by 
using a reflected light of external-light brightness data BD5 1 set by the external-light 
brightness specifying bar 30, a specified value Ye of the reflected light of external light 
on the image display means 3 is calculated based on a predetermined reference. The 
calculation of the specified value Ye can be performed in the same manner as the 
processing of step SI 1 in the first preferred embodiment shown in Fig. 3. 

In step S52, in parallel with the processing of step S51, a ratio Xe:Ye:Ze of 
tristimulus values of a reflected light of external light is selected based on an 
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external-light kind data BD52, set on the external light kind specifying menu 34, in the 
black-display characteristic specifying data BD5. 

The black-approximated data calculating means 4E holds in advance, per 
external light kind, a plurality of ratios of tristimulus values of the external light reflected 
from the image display means 3 (i.e., the respective ratios of the tristimulus values if the 
external light is a fluorescent lamp, sunlight or incandescent lamp). Thereby an 
appropriate ratio of tristimulus values can be selected according to the kind of an external 
light specified by the external light kind data BD52. For instance, if the data BD52 
indicates the fluorescent lamp, there is selected a ratio of tristimulus values when the 
fluorescent lamp is reflected as an external light. 

In step S53, by using the specified value Ye and the ratio Xe:Ye:Ze of 
tristimulus values selected in step S52, Xe, Ye and Ze, which the viewer specifies with 
respect to the tristimulus values of the external light reflected from the image display 
means 3, are calculated in the same manner as the processing of step S12 in the first 
preferred embodiment shown in Fig. 3. The ratios of tristimulus values of the reflected 
light of external light which are held in the black-approximated data calculating means 
4E may be predetermined values measured in advance when the external light is the 
fluorescent lamp, sunlight or incandescent lamp. Alternatively, the ratios of tristimulus 
values calculated from typical spectral distributions of the fluorescent lamp, sunlight or 
incandescent lamp may be used. 

In step S54, in the same manner as the processing of step S13 in the first 
preferred embodiment shown in Fig. 3, black-approximated data R3, G3 and B3 are 
calculated from the specified values Xe, Ye and Ze of the tristimulus values of a reflected 
light of external light in the image display means 3. 

With the image display device of the seventh preferred embodiment, since the 



63 

viewer specifies a black-display characteristic with the kind of an external light and the 
brightness of the external light, the viewer can select a proper kind of the external light 
according to the environment in which the image display device is used. This increases 
the degree of freedom than the case that the kind of an external light is fixed, thus 
increasing the accuracy of correction of the influence of external light. In addition, no 
special knowledge for specifying a black-display characteristic is needed, thereby making 
it easy to select the kind of an external light. 
Eighth Preferred Embodiment 

In the seventh preferred embodiment, the menu of the black-display 
characteristic specifying means 5E is configured such that a viewer specifies a 
black-display characteristic by the kind of an external light and the brightness of the 
external light. An eighth preferred embodiment is characterized in that the menu of a 
black-display characteristic specifying means 5F is configured such that a black-display 
characteristic is specified by using a color temperature of an external light in place of the 
kind of the external light. 

Fig. 25 is an explanatory diagram illustrating a menu of the black-display 
characteristic specifying means 5F to be displayed on a screen of an image display means 
3 in an image display device according to the eighth preferred embodiment. Referring to 
Fig. 25, the brightness of an external light can be specified by operating an external-light 
brightness specifying bar 30, and the color temperature of the external light can be 
specified by operating an external-light color temperature specifying bar 35. Except for 
the black-display characteristic specifying means 5F and a black-approximated data 
calculating means 4F, the configuration of the eighth preferred embodiment is the same 
as that of the first preferred embodiment. 

A viewer specifies, on the menu shown in Fig. 25, a black-display characteristic 
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specifying data BD6, by specifying a color temperature of an external light by the 
external-light color temperature specifying bar 35 and specifying a brightness of the 
reflected light of external light by the external-light brightness specifying bar 30. As a 
method of setting the values of the external-light color temperature specifying bar 35 and 
external-light brightness specifying bar 30, the viewer operates, for example, a "+" key or 
"-" key of a remote controller. The external-light color temperature specifying bar 35 
and external light brightness specifying bar 30 inform the viewer of the set value by a 
change in the display color or display brightness. In the example of Fig. 25, the 
specified color temperature of the external light and the specified brightness of the 
reflected light of external light are "5500K" and "3", respectively. 

The black-display characteristic specifying means 5F generates a black-display 
characteristic specifying data BD6 from the values of the external-light color temperature 
specifying bar 35 and the external-light brightness specifying bar 30, which have been 
specified by the viewer. For example, the sum of a 100 times value of the external-light 
color temperature and the value of the external light-brightness specifying bar 30, each 
being specified by the viewer, can be employed as a black-display characteristic 
specifying data BD6. Thus in the example of Fig. 25, the black-display characteristic 
specifying means 5F outputs "550003" as a black-display characteristic specifying data 
BD6, to the black-approximated data calculating means 4F. 

The black-approximated data calculating means 4F receives the black-display 
characteristic specifying data BD6 from the black-display characteristic specifying means 
5F, and calculates and outputs black-corrected image data. 

Fig. 26 is an explanatory diagram illustrating a flow of a calculation processing 
of black-approximated data R3, G3 and B3 in the black-approximated data calculating 
means 4F. Referring to Fig. 26, description will be made of a calculation processing of 
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black-approximated data R3 5 G3 and B3 in the black-approximated data calculating 
means 4F. 

Firstly, in step S61, by using a reflected-light brightness data BD61, set with the 
external-light brightness specifying bar 30, in the black-display characteristic specifying 
data BD6, a specified value Ye of the reflected light of external light on the image display 
means 3 is calculated based on a predetermined reference. The calculation of the 
specified value Ye can be performed in the same manner as the processing of step S 1 1 in 
the first preferred embodiment shown in Fig. 3. 

In step S62, in parallel with the processing of step S61, a ratio Xe:Ye:Ze of the 
tristimulus values of the reflected light of external light is selected based on an 
external-light color temperature data BD62, set with the external-light color temperature 
specifying bar 35, in the black-display characteristic specifying data BD6. 

The black-approximated data calculating means 4F holds a ratio of tristimulus 
values of the external light reflected from the image display means 3 5 as a table to the 
color temperature of external light. The calculating means 4F can output an appropriate 
ratio of tristimulus values by using the external-light color temperature data BD62 of the 
reflected light of external light. 

In step S63, by using the specified value Ye and the ratio Xe:Ye:Ze of the 
tristimulus values selected in step S62, Xe, Ye and Ze which the viewer specifies with 
respect to the tristimulus values of the external light reflected from the image display 
means 3, are calculated in the same manner as the processing of step S12 in the first 
preferred embodiment shown in Fig. 3. 

In step S64, black-approximated data R3, G3 and B3 are calculated from the 
specified values Xe, Ye and Ze of the tristimulus values of a reflected light of external 
light in the image display means 3, in the same manner as the processing of step S13 in 
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the first preferred embodiment shown in Fig. 3. 

With the image display device of the eighth preferred embodiment, since the 
viewer specifies a black-display characteristic with the color temperature of an external 
light and the brightness of a reflected light of the external light, the viewer can select a 
suitable color temperature of the external light according to the environment in which the 
image display device is used. Therefore, as compared to the case of specifying a 
black-display characteristic by the kind of a reflected light of external light and the 
brightness of the external light, described in the seventh preferred embodiment, the 
degree of freedom is more increased to permit a further increase in the accuracy of 
correction of the influence of external light. 

Additionally, in the recent image display devices, a color temperature is usually 
employed in specifying a white balance, and it is easier for the viewer familiar with image 
display devices to specify a black-display characteristic by using a single color 
temperature, than the case of separately adjusting a color data of RGB. 
Ninth Preferred Embodiment 

In the eighth preferred embodiment, the menu of the black-display 
characteristic specifying means 5F is configured such that a viewer specifies a 
black-display characteristic by a color temperature of an external light and a brightness of 
a reflected light of external light. A ninth preferred embodiment is characterized in that 
the menu of a black-display characteristic specifying means 5G is configured such that a 
black-display characteristic is specified by using the tristimulus values of a reflected light 
of external light. 

Fig. 27 is an explanatory diagram illustrating a menu of the black-display 
characteristic specifying means 5 G to be displayed on a screen of an image display means 
3 in an image display device according to the ninth preferred embodiment. Referring to 
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Fig. 27, the tristimulus values of a reflected light of external light can be specified by 
operating an external light X- value specifying bar 36, an external light Y-value specifying 
bar 37 and an external light Z- value specifying bar 38. Except for the black-display 
characteristic specifying means 5G and a black-approximated data calculating means 4G, 
the configuration of the ninth preferred embodiment is the same as that of the first 
preferred embodiment. 

To set a black-display characteristic specifying data BD7, a viewer specifies the 
tristimulus values of an external light by operating the external light X-value specifying 
bar 36, external light Y-value specifying bar 37 and external light Z-value specifying bar 
38. As a method of setting the values of the bars 36, 37 and 38, the viewer operates, for 
example, a key or "-" key of a remote controller. The bars 36, 37 and 38 inform the 
viewer of the set values by a change in the display color or display brightness. In the 
example of Fig. 27, the specified tristimulus values of the external light are X=12, Y=12, 
andZ=12. 

The black-display characteristic specifying means 5G generates a black-display 
characteristic specifying data BD7 from the values of the external light X-value 
specifying bar 36, external light Y-value specifying bar 37 and external light Z-value 
specifying bar 38, each being specified by the viewer. For example, the sum of a 10000 
times value of the specified X-value, a 100 times value of the specified Y-value, and the 
specified Z-value can be employed as a black-display characteristic specifying data BD7. 
Thus in the example of Fig. 27, the black-display characteristic specifying means 5G 
outputs "121212" as a black-display characteristic specifying data BD7, to the 
black-approximated data calculating means 4G. 

The black-approximated data calculating means 4G receives the black-display 
characteristic specifying data BD7 from the black-display characteristic specifying means 
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5G, and calculates and outputs black-corrected image data R3, G3 and B3. 

Fig. 28 is an explanatory diagram illustrating a flow of a calculation processing 
of black-approximated data R3, G3 and B3 in the black-approximated data calculating 
means 4G. Referring to Fig. 28, description will be made of a calculation processing of 
black-approximated data R3, G3 and B3 in the black-approximated data calculating 
means 4G. 

Since in the ninth preferred embodiment, the black-display characteristic 
specifying data BD7 are Xe, Ye and Ze themselves, which the viewer has specified with 
respect to the tristimulus values of a reflected light of external light, the processing of 
calculating Xe, Ye and Ze (i.e., steps SI 1 and S12 in Fig. 3) is unnecessary. 

Therefore, in step S71, in the same manner as the processing of step S13 in the 
first preferred embodiment shown in Fig. 3, black-approximated data R3, G3 and B3 are 
calculated from the specified values Xe, Ye and Ze of the tristimulus values of a reflected 
light of external light in the image display means 3. 

With the image display device of the ninth preferred embodiment, since the 
viewer specifies a black-display characteristic with the tristimulus values of a reflected 
light of an external light, the viewer can select suitable tristimulus values of an external 
light according to the environment in which the image display device is used. Therefore, 
as compared to the case of specifying a black-display characteristic by the color 
temperature of an external light and the brightness of a reflected light of the external light, 
the degree of freedom is more increased to permit a further increase in the accuracy of 
correction of the influence of external light. 

Others 

Although in the foregoing description the configuration except for the 
characteristic features inherent in each of the fourth to ninth preferred embodiments is the 
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same as the configuration of the first preferred embodiment, it is of course possible to 
employ the same configuration as the second or third preferred embodiment. 

While the invention has been shown and described in detail, the foregoing 
description is in all aspects illustrative and not restrictive. It is therefore understood that 
numerous modifications and variations can be devised without departing from the scope 
of the invention. 



